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ABSTRACT 
Objective: The objective of the present investigation was to perform the Gas Chromatography-mass spectrometry (GCMS) analysis of endophytic 
fungi Curvularia aeria MTCC-12847 isolated from Tribulus terrestris L. to find out the active compound present in the extract.  
Methods: The endophytic fungi were isolated from the plant Tribulus Terrestris L., leaf which was cultivated in optimized media for the production 
of secondary metabolites and was extracted using ethyl acetate. Ethyl acetate extract was used for the Gas Chromatography-mass spectrometry 
(GCMS) analysis.  
Results: GC-MS analysis of ethyl acetate extract of endophytic fungi revealed the presence of various secondary metabolites, the highest amount 
present was Palmitic acid (24.54%) and Lowest was Dimethyl 1-phenyl-7-methyl-1-hydroxy-1,4-dihydronaphthalene-2,3-dicarboxylate (5.76%). 
Conclusion: The endophytic fungal Curvularia aeria MTCC-12847 extract isolated from the Tribulus terrestris L. shows the presence of various 
bioactive compounds.  
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Tribulus terrestris L., belonging to the family Zygophyllaceae is a well-
known shrubby plant in various traditional systems of medicine 
including Ayurveda, Siddha, and Unani. The plant is commonly known 
as “Caltrops” and found all over India up to 11,000 ft. height and 
widely grown in Kashmir, Rajasthan and all warm regions of both 
hemispheres [1]. According to Traditional Chinese Medicine (TCM), 
the plant is considered as an aphrodisiac and reported to stimulate 
sexual behavior of men, strengthen the heart muscle and reduce the 
level of cholesterin [2]. The fruit is commonly used to treat vitiligo, eye 
and abdominal diseases [3]. T. terrestris is commonly used in folklore 
medicine as tonic, analgesic, astringent, stomachic, antihypertensive, 
diuretic and urinary anti-infective. Sapogenins like diosgenin, 
gitogenin, chlorogenin were reported in the plant and the flavonoids 
contained in the fruit are said to be used for the treatment of gout [1]. 
Recently, various studies were conducted to evaluate the 
pharmacological properties of T. terrestris. The anti-arthritic activity of 
T. terrestris was analyzed using Freund’s complete adjuvant (FCA) 
induced arthritis in rats [4]. The plant extract inhibited the 
carrageenan-induced inflammation in rats [5] by suppressing the 
expression of various inflammatory cytokines [6]. The anticariogenic 
activity of this plant against Streptococcus mutans was reported [7]. 
The protective effect of tribulosin isolated from T. terrestris against 
cardiac ischemia/reperfusion injury and its underlying mechanism 
was also studied [8]. There is evidence for the antiproliferative effect 
of T. terrestris saponins on mouse carcinoma [9] and breast cancer 
[10]. The saponin fraction from T. terrestris was found less toxic to 
normal human fibroblasts [11]. The anti-carcinogenic effect of T. 
terrestris on DMBA induced papilloma in mice [12] was also reported.  
Endophytes are the group of microorganisms that reside in plants 
within their intercellular spaces without causing any negative 
symptoms to their host plant [13]. Endophytes are extremely diverse 
fungi [14] bacteria [15] or actinomycetes [16]. Endophytic strains have 
potential to secret secondary metabolites that protect plants against 
insects, pests and other pathogenic organisms [17] thus endophytes 
represent a promising source of novel bioactive compounds for 
pharmacological and agricultural applications [18]. Different 
investigators have reported that a wide variety of secondary 
metabolites have been obtained from the endophytic microbes [19]. 
Considering the medicinal activity, traditional information and various 
experimental evidence, the present study evaluated the phytochemical 
constituents of endophytic fungi isolated from T. terrestris by Gas 
Chromatography-mass spectrometry (GCMS) analysis.  
MATERIALS AND METHODS  
Collection of plant material 
Visakhapatnam (Location 17 °40'48.32''N, 83 °12'5.8''E.) is situated 
between the Eastern Ghats and the Bay of Bengal. The annual mean 
temperature ranges between 24.7-30.6 °C (76-87 °F), with the 
maximum in the month of May and the minimum in January; the 
minimum temperatures range between 20-27 °C (68-81 °F) and the 
average annual rainfall recorded is 1,118.8 mm. The plant was 
located in the Campus of Andhra University. Healthy and mature 
plant of Tribulus terrestris L. was collected from the Campus, Andhra 
University. Samples were tagged and placed in separate sterile 
polythene bags, brought to the laboratory and processed within 24 h 
of collection [20, 21]. Fresh plant material was used for the isolation 
work to reduce the chance of contamination. Sample collection was 
done in January 2016 and the plant used in the study was 
authenticated by Prof. S. B. Padal (Botanist), Department of Botany, 
Andhra University, Visakhapatnam and the plant material was also 
deposited in Botany Department herbarium (AUV), Andhra 
University, Visakhapatnam with Voucher specimen numbers–22294. 
Isolation of endophytic fungi 
The sample was washed thoroughly in running tap water before 
processing. Leaf samples were surface sterilized by dipping in 70% 
ethanol (v/v) for 1 min and 3.5% NaOCl (v/v) for 3 min, rinsed thrice 
with sterile water and dried. Bits of 1.0 X 1.0 cm size were excised with 
the help of a sterile blade. Two hundred segments of Tribulus terrestris 
L. leaf segments were placed on the water agar (16%) (WA) medium 
supplemented with Streptomycin (100 mg/l; Sigma, St. Louis, MO, 
USA) were used for the isolation of endophytic fungi. The Petri dishes 
were sealed using parafilm and The Petri dishes were incubated at 25-
27 °C till the mycelia start growing from the samples [22].  
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Secondary metabolite production of endophytic fungal isolate 
The endophytic fungus EF1 i.e. Curvularia aeria MTCC-12847 was 
cultured in 1-l Erlenmeyer flasks containing 500 ml of optimized 
culture media (PDB) under optimized parameters (pH: 5.5-6.5, 
Temperature: 25 °C-30 °C, Incubation days: 9 d) under static 
conditions. The culture broth was then filtered to separate the 
culture filtrate and mycelium. Culture filtrate was blended 
thoroughly and centrifuged at 4,000 rpm for 5 min. Liquid 
supernatant was extracted with an equal volume of solvent thrice 
(Ethyl acetate) separately and was evaporated to dryness under 
reduced pressure at 50 °C using rotary flash evaporator [23].  
Gas chromatography-mass spectrometry (GCMS) analysis of the 
crude extract  
The Gas Chromatography-mass spectrometry (GC-MS) analysis of the 
endophytic fungal extract was made using JEOL GC MATE || instrument 
under computer control at 70 eV. About 1 μl of the ethyl acetate extract 
was injected into the Gas Chromatography-mass spectrometry (GC-MS) 
using a microsyringe and the scanning was done for 45 min [24-25]. As 
the compounds were separated, they eluted from the column and 
entered a detector which was capable of creating an electronic signal 
whenever a compound was detected. The greater the concentration in 
the sample, the bigger the signal obtained which was then processed by a 
computer. The time from when the injection was made (Initial time) to 
when elution occurred was referred to as the retention time (RT). While 
the instrument was run, the computer generated a graph from the signal 
called chromatogram. Each of the peaks in the chromatogram 
represented the signal created when a compound eluted from the gas 
chromatography column into the detector [26]. The X-axis showed the 
RT and the Y-axis measured the intensity of the signal to quantify the 
component in the sample injected. As individual compounds eluted from 
the Gas chromatographic column, they entered the electron ionization 
(mass spectroscopy) detector, where they were bombarded with a 
stream of electrons causing them to break apart into fragments. The 
fragments obtained were actually charged ions with a certain mass 
[27]. The mass/charge (M/Z) ratio obtained was calibrated from the 
graph obtained, which was called the mass spectrum graph which is 
the fingerprint of a molecule. Before analyzing the extract using GC-
MS, the temperature of the oven, ion chamber temperature and GC 
interface temperature, mass analyzer, the flow rate of the gas used and 
the electron gun were programmed initially. The temperature of the 
oven was maintained at 50 to 250 °C @ 10 °C/min. While the ion 
chamber temperature and GC interface temperature were maintained 
at 250 °C. The mass analyzer used was quadruple double focusing 
mass analyzer. High pure Helium gas was used as a carrier as well as 
an eluent. The flow rate of helium was set to 1 ml/min. The electron 
gun of mass detector liberated electrons having an energy of about 70 
eV, Photon multiplier tube was used as the detector. The column 
employed here for the separation of components was HP-5ms. The 
identity of the components in the extracts was assigned by the 
comparison of their retention indices and mass spectra fragmentation 
patterns with those stored on the computer library and also with 
published literature. Compounds were identified by comparing their 
spectra to those of the Wiley and NIST/EPA/NIH mass spectral 
libraries [28, 29]. 
RESULTS 
The studies on the active compounds of the endophytic fungi 
isolated from Tribulus terrestris L. and their ethyl acetate extract by 
Gas Chromatography-mass spectrometry (GC-MS) analysis clearly 
showed the presence of eleven compounds. The active compounds 
with their retention time (RT), Molecular formula, Molecular weight, 
and concentration (peak area %) are presented in table 1. The GC-
MS chromatogram of the different peak of the compounds detected 
was shown in fig. 12 and different compound present (fig. 1-11). 
  
Table 1: GCMS analysis of EF1 (Curvularia aeria MTCC-12847) 
S. 
No. 








1.  Palmitic acid C16H32O2 
 
















3. E,E-6,8-Tridecadien-2-ol, acetate - 
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Fig. 1: Structure of palmitic acid present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 2: Structure of Hexadecanoic acid, Z-11-present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 3: Structure of E, E-6, 8-Tridecadien-2-ol, acetate present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
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Fig. 4: Structure of tetradecanoic acid, 12-methyl-, methyl ester present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 5: Structure of 1-eicosene present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 6: Structure of spirostan-9-ol, 3-amino-, (3á, 5à, 25R)-present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
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Fig. 7: Structure of 9-Amino-6-fluorolepidine present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 8: Structure of Z-13-octadecen-1-yl acetate present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 9: Structure of ç-thionodecalactone present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
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Fig. 10: Structure of 9-oxabicyclo (3.3.1) nonan-2-one, 6-hydroxy-present in EF1 (Curvularia aeria MTCC-12847) by using GCMS analysis 
 
 
Fig. 11: Structure of dimethyl 1-phenyl-7-methyl-1-hydroxy-1, 4-dihydronaphthalene-2, 3-dicarboxylate present in EF1 (Curvularia aeria 
MTCC-12847) by using GCMS analysis 
 
 
Fig. 12: GCMS chromatogram of EF1 (Curvularia aeria MTCC-12847) 
 
DISCUSSION 
Endophytic fungi, EF1 (Curvularia aeria MTCC-12847) ethyl acetate 
crude extract showed the presence of major peaks and the 
components corresponding to the peak. Eleven compounds were 
detected from the ethyl acetate crude extract of endophytic fungi 
isolated from the Tribulus terrestris L. The result revealed the 
presence of Palmitic acid (24.54%), Hexadecanoic acid, Z-11-
(10.57%), E,E-6,8-Tridecadien-2-ol, acetate (8.71%), Tetradecanoic 
acid, 12-methyl-, methyl ester (8.50%), 1-Eicosene (7.93%), 
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Spirostan-9-ol, 3-amino-, (3á,5à,25R)-(6.95%), 9-Amino-6-fluoro-
lepidine (7.14%), Z-13-Octadecen-1-yl acetate (6.79%), ç-
Thionodecalactone (6.76%), 9-oxabicyclo (3.3.1) nonan-2-one, 6-
hydroxy-(6.29%), Dimethyl 1-phenyl-7-methyl-1-hydroxy-1,4-
dihydronaphthalene-2,3-dicarboxylate (5.76%). 
The Gas Chromatography-mass spectrometry (GC-MS) spectrum 
shows the presence of more long chains hydrocarbons. When the 
number of carbon atoms increases in the molecule, hydrophilicity is 
reduced and the lipophilicity is increased. Increased lipophilicity of a 
drug decreases its transport across intestinal epithelial cells. 
Furthermore, the presence of compound E, E-6, 8-Tridecadien-2-ol, 
acetate justify the anticancer potential of endophytic fungi. 
CONCLUSION 
The presence of various bioactive compounds justifies the use of 
endophytic fungi isolated from the Tribulus terrestris L. in various 
ailments by traditional practitioners. 
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